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1. INTRODUCTION

This report sumarizes results of radio wave absorption measurements. These
measurements were executed in Spain at 41° N between 1967 and 1976 to support
rocket-borme in-situ measurements of certain parameters of the D-region
atmosphere. The relatively lang period during which these measurements were
performed cantinuously and a high accuracy of measurement allowed to eludicate
samne details of the tamporal variations of the state of the D-region atmosphere
but also the limitations imposed to the interpretation of this kind of measure-
ment.

The report is confined to results of ground-based experiments only. By necessity
this review must remain incamplete. Aspects of detailed ion chemistry, for
example, are not discussed. The reader is referred to other sources, e.g.
Arnold and Krankowsky [1] [2] and to a recent review published by Offermann [3].

2. WINTER ANOMALY

Radiation incident to the earth's atmosphere produces ionization if its energy
is sufficient. The primary constituents are positive ions and free electrons.
The electrans tend to produce negative ions at heights below about 65 - 75 km
but most of them remain free in height levels above about 75 km during day-
time. Free electrons present in the height region between 60 and 90 km (in the
D~region of the atmosphere) can be abserved conveniently and with little ex-
perimental effort fram the ground as an attenuation of radio waves reflected
in the E~ and F-region of the ionosphere. Different experimental set~ups for
for such wave propagation measurements are feasible. Their merits and
deficiencies are quite extensively discussed in “Manual Ianospheric Absorption
Measurements® [4].

All groud-based wave propagation experiments have in cammon that the
integral electron content of the D-region, weighted with the electron
collision frequency is measured. An ionization which consists of only positive
and negative ians (the latter being produced by a rapid attachment of free
electrons to neutrals) cannot be detected by those wave propagation experi-
ments though such processes might be of great importance for the under-
standing of certain phencomena observable with wave propagation experiments.
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The electron density and, by this, the amount of absorption in the D-region

- varies with the intensity of ionizing solar radiation incident to the

‘ Earth's atmosphere and with the variation of the solar zenith angle. As a
result, the absorption varies with time of day and with season. Because of
this, one should expect that the lowest absorption would be measured during
the winter season, being highest during mid-sumer. But all measurements of
absorption performed at medium latitudes ( 45°) have shown (with one exception)
that this not the case. Absorption measured during the winter season is
at least as high as during summer, and periods of very high absorption lasting
for a few days (which have a certain tendency to reoccur) are typical for winter
conditions at moderate latitudes.

This deviation fram what is expected is called "the winter-anamaly of radio
wave absorption". Lack of knowledge about the physical processes which even~
tually lead to the development of an increased electron density samewhere in
the D-region and experimental difficulties inherent to the methods of measure-
ment have however caused same controversy "about the term "winter anomaly”,
rendering its meaning samewhat ambigous and vague. Same authors accept only
the very high absorption which occurs "irregular" as being "winter-anamalous”,
other distinguish between a "regular" part of winter-anamaly which follows the
solar zenith angle and an "irregular" part which is superposed to the "regular”
winter-anamaly [ 5] , and another group applies the term "regular" and
"irregular" to the shape of the diurmal variation of absorption.

Confusion may sametimes becare camplete. If one looks for the reason why so
many definitions of winter anamaly are used, one finds that, at least

at the beginning, almost all absorption measurements were performed in
canparatively high latitudes between about 48°N and 60°N, and that the

amount of radio wave absorption measured by ground-based means camprises not
only absarption caused in the D-region of the ionosphere (60 - 90 km) but
also contrilutions fxram heights near the reflecting point of the wave were
the graup velocity of the probing wave becames low. The contribution of this
so—called "deviative absorption" (which is dependent of operaticnal frequency
of the circuit and of critical frequency of the reflecting ionospheric layer)
can by no maans neglected, and can even form the largest portion of total ab-
sorption when the measuring circuit is not well designed. Chief of design of
an absorption measurement circuit is to keep the influence of the deviative
portion of the measured absorption as low as possible and as a constant fraction
of the total absorption measured on the circuit. This is best met when the
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reflection of the probing wave takes place in the E-region. Further, when the
absorption is measured by observing the field strength of a transmitter which
emits a coantinuous wave and is located at a distance where the ground wave

is no more received, fairly accurate and reliable measurements of absorption
can be made with little experimental effort.

This method of measurement is known as the A3 method and was used by us in
Spain fram 1967 until 1976.

In the following paragraphs, the experimental set-up and same of the results
of ground-based A3 measurements gathered in southern Spain are described.

2.1. Contamination, latitudinal-dependence and spatial
validity of measurements

Because most measurements of absorption were performed (up to about 1960/65)
at latitudes between about 49° and 60° (mostly northern) latitude, scme con-
troversy was going on for some time if measurements at such latitudes might
not been strongly influenced or contaminated by contributions fram the auroral
zone. In 1964 we could show [6 ] [7 ] that the winter-anamaly effect is present
also at much lower latitudes (41°) and that a southern boundary of this effect
exists. This southern boundary is however not constant but varies with time
during the winter season. This result was later confirmed by measurements
aboard ship (8 ] which were repeated later. (9] . It was further found that
winter-ancmaly absorption occurred at lower latitudes in groups of days which
were well separated by shorter or longer periods in which absorption was very
low. This result suggested that lower latitudes might be better suited to run
ground-based and in-situ measurements designed to uncover the effects which
eventually lead to winter—anamalous absorption because one has there in one
winter more than one chance to observe both states of the D-region,
"winter-anamlous” and "normal". Further, one has reason to believe that the

results obtained in lower latitudes are probably less contaminated by influences

fram the aurora zone than it might be the case at higher latitudes. Both alle-
viates proper planning of in-situ experiments and interpretation of results.

Controversial was further the question if results of absorption measurements

just mirror local conditions or if they are representative for a larger area.
An early attampt to resolve this question by correlating the results cbtained
in Freiburg (48°N) and Lindau (53°N) yielded no significant correlation. This
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lack of correlation was then interpreted as a proof that absorption measure-
ments represent mainly local variations of the D-region, but this need not be
true because a low accuracy of measurement can lead to the same result. One of
the first tasks which had to be solved with the ground-based measurement before
proceeding further was to establish that grouwuwi~based measurements of absorption
either represent just local conditions or that they are valid for a largyer area.

3. The ground-based absorption measurement circuit

At network of circuits to measure radio wave absorption was installed in Spain
to monitor absorption. Its first use was to decide which interpretation
mentioned before was valid. The geographic location of this network is shown
in Fig. 1. The A3 method was used because the technical effort remains quite
low: A tranasmitter of medium power output (400 - 800 W) is sufficient for the
measurements. Radio wave spectrum demand is at minimum because an unmodulated
carrier is emitted only. Variations of the height of the reflecting ionospheric
layer has only a small influence upon the result when the reflection of the
probing wave takes place at the E-layer (this dbviates the need to apply cor-
rections) and receivers are available on the market which keep their calibration
for a very lang time. With carefully selected equipment, a measurement accuracy
of about 0.1 -~ 0.2 dB is feasible. A further increase of measurement accuracy
may be possible but renders useless because changes of antemna feedpoint
impedance, changes of electric properties of the soil etc. cause apparent
changes of absorption which are of same order of magnitude than the measurement
error of the equipment and are hard to control.

Path length and transmitter frequency was selected to fulfil the canditions of
unambiguous measurement; that is, the probing wave was reflected in the E-region
during most part of the day, and the relation between deviative and non-deviative
absorption remained almost constant over the whole year. To assure that anly

the ordinary component of the 1 x E-mode was received, the antenna at the re-
ceiving end was a 51/, longwire antenna with counterweight 1/4 high, pointing to
the transmitter site. This antenna favoured the 1 x E mode and suppressed effi-
ciently the 1 x F and higher modes of propagation via the E- and F-layer. Ex-
perience has shown us later that the demand upon antenna height was less critical
than anticipated: After the antenna system was destructed by a gale, financial re-
strictions allowed to re-install the antenna system at a height of only about

12 m. No significant difference was observed between what was dbtained before
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Fig. 1:

Network of A3 absorption measurement circuit operated in Spain
between 1967 and 1976. Operational frequency: 2830 KHz,
transmitter power: 800 W. The circuit Aranjuez-Alceda was operated
anly fram October 1967 until Decamber 1968. The equipment was trans-—
ferred later fram Alceda to El Arenosillo to monmitor absorption
during in-situ experiments flown on sounding rockets,
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Figo 2:

Block diagram for receiving site. Capital letters (e.g. DPR, HFH) :
Type designation of Rohde and Schwarz equipment used for the
measurements.
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and after the change. It is assumed that the rather dry soil on which the
antennas were erected was the cause for this effect.

The antenna feedpoint was linked to a coaxial feedline through a ferrite
matching transformmer. The feedline was connected to a standard attenuator which
was placed at the front end of the receiver. The standard attenuator allowed
calibration of the receiver in steps of 1 dB. Because the actual value of

the input impedance of the receiver depended slightly upon frequency and

was different for different receivers, an attenuation of 10 dB was always

left at the front end of the receiver so that the antenna would always "see"

a constant impedance (in our case, 60 ohm).

The AGC voltage of the receiver was recorded an an y - t recorder on paper.

The recording speed was 60 mw/h. The fading of the incaming signal would
however cause a rapid variation of the AGC-voltage and would produce a
smeared—out, band-like record on the recording paper which renders accurate
read-outs of averages difficult if not impossible. To overcame this problem, the
output signal of the receiver was integrated by a time constant of 30 sec. This
resulted in a clearly-readable record. For evaluation, the peak value of re-
ceiver input voitage of each five minute interval was taken under cansideration.

Calibration of the receiver was perfommed with a signal generator which
delivered 1 millivolt output on 60 ohm. The antenmna was disconnected
during calibration. The smoothing time constant was taken out and the
standard attenuator was connected to the source. Calibration was then done
in steps of 1 dB using the standard attenuator. Fig. 2 shows the arrange-
ment.

In order to obtain a survey about ionospheric conditions, an ionosonde
was operated at the receiving site. The antenna system for this equipment
was a set of three vertical rhambic antennas which was orientated perpen-
dicular to the longitudinal axis of the receiving antenna.

Unsurmauntable logistic problems prevented the installation of the ionosonde
equipment under the reflection point of the prabing wave used for the ab-
sorption measumment, but it turned out that the survey obtained at the re-
ceiving site was in most cases sufficient, except when straong sporadic E was
present. This however, could be easily recognized as a change of type of
fading of the receiving signal. The antenna setup at the transmitter and the




Fig. 3:

Antenna system for receiver and transmitter site




! receiver site is shown in Fig. 3.

3.1. Absolute calibration

The arrangement described in the foregoing allows to measure absorption on a
relative scale with a fairly high accuracy. Because the results of these measure—
ments were to be used to interprete rocket-borne in-situ measurerents of elec-
tran density, absolute values cf absorption had to be provided bv the circuit.
Absolute absorption data are obtained when the propagation loss at absence of
absorption Aps is known. Ap is the reference receiver input voltage (in dB

over same reference level). The absolute amount of absorption is then given as

L (t) = Ap-A (t) where A is the receiver input voltage (in dB cver the

same reference level as AR) measured at time t.

By principle, it is possible to calculate AR fram the technical characteristics
of transmitter, antenna and propagation path geametry. However, too many

factors hard to control and to determine exactly render this approach im-—
practicable. An experimental approach leads to more reliable results. One can
fairly safely assume that the electron density in the D-region is very low

at night. This means that radio wave absorption is virtually absent then.

A night~time measucament would therefore yield the required reference value,

but there is a camplication: Not only the D-region electron density disappears
at night but also that of the E-region except when a sporadic E layer is present

with a top frequency high encugh to support propagation of the probing wave.
Because intense night-time sporadic E is not a very camon event, it might take
same time after the beginning of a measurement until such events occur. We found
that the following criteria for a night-time sporadic E-transmission were
sufficient to derive reliable reference values of AR. ,

1.) The event should occur after midnight.
2.) Uninterrupted propagation should at least last for three hours.
3.) The ionograms should show a blanketing Es layer and multiple reflexions.

Following these criteria, one obtains values for AR which might have an error
margin of about 3dB. Averaging of data of several events are considered
necessary to obtain a reliable value of AR Due to the scarcity of intense
night-time sporadic E events, it may take several months of continuocus measure-
ments until a reliable reference value is obtained. Because the antennas were y
designed to suppress the 1 x F mode, propagation of the probing wave via sporadic
E is easily recoonized without ambiquity as a strong increase of field strength




at the receiver site, being much higher than during daytime. Because re-
flection of the wave takes place during night at same greater height than
during daytime, a height correction should be applied. This correction was in
our case very small.

4, RESULTS

4.1. Spatial validity of measurement

A measurement method of absorption which uses vertical incidence of the prabing
wave at the reflecting layer (A1—methods) is obvicusly a local measurement. It
has to be proven by additional experiments that the data so cbtained represent
the state of the D~region of a larger area. When the A3—method is used, same
smoothing is already obtained because the probing wave crosses the absorbing
D-region at two different locations. These two locations are, however, at a
fairly close distance to each other when the propagation path is of order

350 - 370 kn (this distance is about the optimum for a probing wave freguency
of 2500 - 2800 KHz), and the same arguments about spatial validity of the
results of A, measurements are applicable to the Aq method as well. This was
one of the reasons why a network of absorption measurement circuits was installed
in Spain. This network was supposed to yield experimental data which should
allow to settle the arguments. It was found that the results of our A3 absorption
measurements were representative for a larger area. Fig. 4 shows as ane example,
results of measurements obtained during one winter on the propagation path
Aranjuez (location of transmitter) - Balerma and Aranjuez-Arenosillo.

Because the path Aranjuez - Arenosillo was slightly longer than that between
Aranjuez and Balexrma, the attenuation is slightly higher but one clearly notes
that the results are well in parallel on both circuits., The correlation coeffi-
cient between the two sets of data was higher than 0.9. Such results allow to
conclude that local variations in the state of the D-region are in most cases
small against large-scale phenamena. Nevertheless, they are present.

4.2, Investigation of parameters used to quantify radio wave absorption.

In order to characterize the absorption measured over the day by a single
figure, a number of parameters have been used in the past. Most of these para-
meters were derived empirically. One parameter which seams to be rather cbvious
is the mear. noon absorption: One averages the measured absorption over a
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certain time interval around noon and takes this figure as being representative
for the day. Bmpirical investigations, mainly performed in the U.K. have

shown later that better results are obtained when ane uses an extrapolated or
measured value for a fixed solar zenith angle, other than for noon, for example:
L (cos x = 0.25). In further investigations, L (cos x = 0.2) or even L

{cos x = 0.1) were used. But, at times when the solar zenith angle assumes such
low values, the critical frequency of the reflecting layer is not much different
fram the operational frequency of the probing wave or is even lower. One would
measure then mostly "deviative" absorption. To overcame this difficulty, one
has to determine these parameters fram the data taken during the whole day

and has to use the approximation L (x) = L cos ™ (x). Plotting log L (x)
against log cos x, one obtains Ly and n either analytically by least square

f{¢ or just by drawing a straight line through the data fitted by eye and
reads out the relevant value for L (cos x) from this line. (The analytical
methad should be preferred because it is objective and excludes subjective

exrrors) .

A measure of merit for a given parameter can be adbtained by a correlation be-
tween two sets of data obtained under identical experimental conditions but at
different locations. For this purpose, two circuits were operated for ane
year betwoen Aranjuez -~ Balerma and Aranjuez - Alceda. (See fig. 1). Both
propagation paths were aligned as close as possible to the direction of the
horizantal canponent of the magnetic field to favour propagation of the

ordinary wave canponent.

Fig. 5 shows the results of a correlation of a number of parameters which
may be used to describe the diumal variation of absorption and absorption
itself. They were derived fram data gathered on the two propagation paths
mentioned above. A winter period was selected because this season provides
an "acid test": The diumal variation of absorption is in general quite
irreqular during winter and the parameter which is most insensitive to this
irregularity should be considered as the most suited ane to describe a day
in terms of absorption.

Fig. 5 shows that the cos y—exponent "n" is least suited for this purpose.

(It will be shown later that this parameter still yields same information
about the state of the D~region). Best suited are the parameters

L (cos x = 0.2) and I‘b = 31%1 (this parameter shall be explained soon) because
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both parameters take into account the camplete diwmal varjiation of ab-
sorption and not only part of it.

4.3, The parameter LD

The judgement if a day should be called winter-anamalous or not is subject

to cansiderable uncertainty when established parameters are used. With
certainty, a day is not winter-anamalous when its absorption corresponds to
the value to be expected fram the seasonal variation of the Sun's zenith angle,
but it seems to be at first difficult to establish the numerical value of this
absorption. A parameter which eliminates the seasonal dependence of x would
solve this problem. The seasmal dependence of y can be eliminated by inte-
gration of the measured absorption over cos x. The integration yields

a constant value
1

L, = JL(cosx) d (cos )

o]

This integration seems to be at first of little practical value because
measurements are taken over a limited variation @f y anly and can therefore
not be executed. But, fortunately, the diurnal variation of absorption can be
very well described during summer by the cos" law: L (x) = Lo cos” X-

(See par. 4.5.1.) The correlation between approximation and real data is very
good in the majority of all cases during this season, and when n and L, are
derived by least square fit fram the real data, the integral can then be
executed:

1
L

L, = Locosnxd (cos x) = —=
n+1

With same caution, I_b can also be determined fram data obtained during winter,

Using this parameter, it is easy to decide if a day was winter-anamalous or
not. The definition "winter-anamaly” includes in this case also a very
irregular diumal variation of absorption as being winter-anamalous and not
only the amount of absorption alone. One could even use the correlation coeffi-
cient between appraximation and real data obtained by the least square
fit-evaluation of Lo and n as a measure for presence of the irreqular type of

oy -



0 im ARANJUEZ — BALERMA

P 1967/68
b 0 NMMM ~/
20!

RS T W N

Tl ocr T owow oeC T uw T me e
00 - ip
1968/69
o A 1\'%\;% :
:o’ \‘ i
7T ST fen .
[

T sep  ocr T Nov | DEC T uan T FEs

) T
lt,w WMA{J 1970/71
A e 1 Li‘
[ i
- WM v *“w""“/” R
0 ‘VU\ ‘ﬂ E
201 - ‘l
O:J (u ;1
o 1972/73 ;’
s0! _ s SN
20
Tsep ' o T wow o oec Y N Y FeR T mR
ao] T 4
P ‘DJ 1973/7 H
40 -
20 Y L""""‘L'va W ‘
T3 Y bci Y wv o DEC Y daw Y FEs | sk !
8 L
1 197%/75
%)
o
“ WMW%M
0
" sgp " oocr 7 wov | oDEC 4
Tn 1975/76

Fig. 6:

Variation of absorption described by parameter mean noon ab- ?
sorption I‘M“ during winter 1967/68 to winter 1975/76. Propagatian
path Aranjuez — Balerma.




L ARANIUL Z - BALL RMA

g8
—

é
5
f

" 6P 30 0n1 3 o 300 31 a3 e P |
1968 1969 »
A ‘/\AW |
. 8
sep %0 ot 3 nov pec I 1 peethaans?! i ;
1969 1970 &4
M 7 ‘ 3
sep 001 3oy Woec I JanM res W
1970
»ML\P

197 1972
.y ,M

ser 0 ot I o Ppee I ftsw
1972

B3 "30"3!" 1 vy

3EBBoBETR 5B

-
L]

m‘f

*ﬁf
g

BE5ZB8o85880886838085888588
E

i P Bk i

JUTTV VO, S /\N M

[

560 P 0 3 oy Ppec I an majﬂwvz:“

_,,MMME V" u&\«

04+ 4
50 a3 oy Bpee I a7 rep Paa™

Fig. 7:

Variation of absorption described by parameter Ly during winter
1967/68 to winter 1975/76. (Propagation path Aranjuez - Balerma).
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winter ancmaly, but this possibility was not evaluated in detail.
4.4, Short- and long-term periodicies of winter-anomaly

Fig. 6 and 7 shows the variation of absorption measured in several winter
between 1967/68 to 1975/76. Fig. 6 shows the noon absorption, Fig. 7 the
parameter I, . One may note that the days on which absorption was very low
{black-shaded in Fig. 6) correspond quite well to the value of absorptimn
predicted by Lb determmined in the summer season, but same pericds seem to.
display a significantly lower absorption than expected. A good example is
winter 1974/75: Absorption during March 1975 was by far too low. (This re-
sult will be discussed later in context with a discussion about possible
causes of winter—-anamaly).

Locking closer, one may notice a tendency of re-occurrrence of day with
high absorption with a quasi-period of about 7 days. This period has been
found on other locations also and might be cansidered as an established
result though such periods are not clearly observed in all winters. Fig. 8
shows the diurnal variations of absorption which were measured during winter
1975/76 (it will be referred to this figure later) to illustrate how this
quasi-periodicy of high absorption winter days looks like, Further, the re-
sults shown in Fig. 6 and 7 suggest a long~term variation of “"intensity" and
phase of winter-anomaly absorption. A refined analysis of the data was carried
out in order to find out the amount of phase shift. The result is shown in
Fig. 9, but "data noise" required filtering which might easily lead to a
falsification of the result. Therefore, another approach was tried in order to
determmine if any phase shift was present at all. Using the approach of
Appletan and Piggot [10] the winter period was divided into two sub-periods
(1. Septaber to 31. Deceamber and 1. January to 1. May) and the noan mean
values and the parameter I‘b = f‘_g_ were averaged (both yield essentially the
n+1

same) . If a phase shift of winter anamaly is present at all, it should show
up in a diagram in which the average absorption is plotted as an increase ,
(or decrease) fram the trend in the first half of winter and a corresponding i
decrease (or increase) in the second half-period. The result shows Fig. 10 !
and Fig. 11 the variation of the sunspot number during the observation period.
One notes a trend almost parallel to the variation of the sunspot activity

L (which is to be expected because a similar relation was found for more northemrn

latitades [11 ] which is superimposed by two "humps" about four years apart.

-
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Corresponding "dents" are seen in the second half of the period (Fig. 10,
(lower part). This means that the winter-anomaly effect started and ended
earlier in these winters. Because (as shall shown later) the winter anamaly
develops only when the water cluster ion regime has moved downwards into

fairly lower heights, (which means that either the vertical transport of

water vapour fram lower heights into the D-region is cut off or the water
vapour in the D~region is destroyed more rapidly by same process, the life-
time of water vapour against photolysis is about 22 hours) and that the
daminant source for D-region water vapour must be the troposhere (the

oxydation of incident hydrogen fram space as a second source of D-region

water vapour [ 12 ]is probably less important but the oxydation of stratospheric
methane may be an important source too) a cross correlation betweeen absorption
and the area vorticity index of the northern hemisphere was attempted. A time
shift for maximmm correlation between two and four days was found. The corre-
lation coefficients were at the threshold of significance but, surprisingly,
were negative in the periods in which the "humps" occurred, and positive when
the conditions were "nomal". However, the period of cbservations was too
short to decide if the quasi-four year period which the data suggest is

real or not, but it is tewpting to suspect that this period might be caused by
a parametric oscillation of the D-region atmosphere induced by the quasi-biannal
wind period in the stratosphere which, in turn, is triggered by the troposphere.
Unfortunately, no sufficient wind data from the stratosphere and the mesosphere
were available to verify this assumption. The question if this 4 year period

is real or not must therefore remain open.

4.5, Diurnal variation of absorption

Another parameter which deserves same attention is the diurnal variation of
radio wave absorption, but little use was made of it in the past due to
certain difficulties of interpretation, as will be outlined later. It was
already shown in the early days of ionospheric research that the diurmal
variation of absorption follows a cos y-law of the form:

L (x) = Lo cos” X, X = solar zenith angle, LO: subsolar absorption.

Rawer [13 lextended in 1943 the early works of Best and Ratcliffe and linked
the cos x- expanent "n" to the height extension of the absorbing layer and to

RS

i
!
K
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the nature of electron loss processes (either recambination with positive ions

or attachment of electrans to neutrals). Cansidering "thin" or "thick" absorbing
layers and neglecting the influence of "deviative" absorption which was necessary
at that time to render the problem treatable, he cbtained cos x - exponents between
0.5 and 2. This work of Rawer remained fairly unknown, because it was never
published in relevant journals.

Nevertheless the experimental conditions of cur radio wave propagation paths

which we used to measure absorption met quite closely the conditions under which
Rawer derived his cos y -exponents, and it was considered worthwhile to investigate
if the results of Rawer could be used as a guide to help interpretation of our
measuraments,

As was mentioned before. not much use has been made of the cos x— exponent "n"
in the past for several reasons. First, the numerical value of “n" depends
critically upon the design of the circuit and is, by this, not an invariant. A
demostration of this was, for example, given by Schwentek and Timpe[ 14 1. They
have shown that the numerical value of the cos y—exponent is different when the
wave is reflected at the E~ or at the F-layer. This is due to the influence of
deviative absorption, that is the contribution from height levels in which the
electron density is high enough to reduce the group velocity of the wave
appreciably, leaving the electrons which oscillate in the electric field of the
wave more time to loose their energy by collisions. Therefore, if one dis-
cusses seasmal variations of "n", ane should ca'xfir;e this discussion to results
obtained on the circuit under consideration. Canparisons between different cir-
cuits are possible if they are similar or based on relative changes of "n" with
seasmn.

A further rether important reason for the reluctance to use the cos x—-expanent
as a parameter o describe changes in the D-region of the ionosphere is that the
cos x-exponant "n" can be dermined with less accuracy than any other parameter.
Most data are collected at a time when the solar zenith angle changes little with
time (near roon). A small scatter in the data influences the numerical value

appreciably as does an incorrect reference value of A, (see par. 3.1.). One needs
a fairly hich accuracy of measurement but obtains only a parameter which has a
large margir of error. This was illustrated by Fig. 5 were the results dbtained
an two circuits of about identical design are correlated.
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Further, the diurmal variation of absorption is often not symmetrical to

noan, especially during winter. The maximum of absorption is then often

shifted into the aftermoon or (in same cases) the maximum is reached in the
forenoon. In order to take into account of this, the cos x-exponent "n" is

often detemmined separately for forenoon and aftermoon. This empirical procedure,
though used quite often, leaves samething to be desired fram a physical

point of view.

4.5.1. Validity of the cos" X - approximation

This puts up the question if the cos” x—-—approximation is a meaningful
approximation at all and if it can be applied sensibly. Basically, the
cos™ x—approximation assumes quasi-steady-state conditions. This presumption
is at least not true during the winter season. Fig. 8 illustrates this.

One way to answer this question is to determine the cos y—exponent "n" and the
subsolar absarption L o from the measured data by least-square fit methods and

21

to correlate the measured data with the relevant values of the approximation so ob-

tained. The correlation coefficient is then a measure of merit how good the
approximation fits. This was executed for data obtained at the beginning of the
measurenent period (1967/68, high sun activity) and for the same months

(October to January and April to July) at its end. (1975/76, very low activity of

the sun). Fig. 12 shows the histograms of the correlation coefficient. The intervals

for the correlation coefficients were chosen as 0.11..; 0.2.; 0.21...; 0.3; ...
0.81.. 0.9; 0.91.. 1.0. The result allows to draw the following conclusions:

1. The agreement between real data and appraximation is very bad
during the winter months when winter-anamaly is present.
This means that periods other than the diurnmal variation of the sun's
zenith angle daminate the diurnal variation of absorption, and that
these periods are not always synchronized to the variation of the
sun's zenith angle.

2.) The agreement between approximation and real data is good to excellent
during the summer months. The correlation coefficients for real and
appraximated data drop then rarely below 0.9 (see Fig. 12).
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This suggests that "irregular" tides are then either absent in the D-region

of the ianosphere or so small that they are cawpletely masked by the diurnal tide
caused by the variation of the solar zenith angle. Assuming that winter anamaly
is caused by transient coupling of the D-region atmosphere and lower heights
(this possibility was discussed in the literature quite extensively), one is
tampted to say that this kind of coupling does not exist during the summer months
because the diurmal variation of absorption is so regqular and the day-to—day
fluctuations of parameter L, are relatively small, We shall see in par. 4.5.2.
that this conclusion might not be valid in full.

4,5,2, Seasonal variation of the shape of diurnal variation of absorption,

4.5,2.1. "Shallow" diurnal variations.

The shape of the diurnal variation of absorption may change from day to day and
with season, but same trends can be easily recognized: Rather "shallow" diurnal
variations (n < 0.5) were more frequent on our propagation paths during winter
than‘ "peaky" ones which are described by a larger n (> 1 .0). The disturbation
of days observed during our measurement period (1968 - 1975) is shown in Fig. 13
for the individual years and is summarized in Fig. 14 for the whole period of
measurement, It shows clearly a maximum for the winter months and a minimum for
sumer. It might be possible that the slight peak in frequency of occurrence
found for August is real because we observed a marked increase of day-to-day fluctu-
ations of LD' LM (average noon value) or L (cos x = 0.2) in all years during
this month carpared to that found during other months of the summer season.

As Fig. 8 showed, the low "n" observed on 'our circuits during winter was often
caused by a rather irregular diurnal variation of absorption. Despite Fig. 8
presents éata obtained during one winter only, it can be taken as the typical
result because similar results were obtained in all winters of the cbservation

period.

On other propagation paths, which maybe located either more in the norths or use
propagatian path lengths and operational frequencies different from those used for
our measurements, things may be different: This illustrates Fig. 15.

(After Schwentek et al [ 161]).It shows the seasonal variation of "n" for ab-
sorption reascrements performed at Lindau (Gemmany). It is claimed that large

"n" were more frequent there during the winter months than during the rest of
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Fig. 3. Seasonal variation of an average valuc of exponent n. The ploiied data were ohtained from
daily n values; f=2.61 MHz. For every 15 or 16 days, starting with the period $-21 March 1975, and
proceeching in steps of about 8 days, the lower and upper quartile values were determined. and then T
the mean values of all the n data between the 2 quartile values were calculated. A similar result can
be obtained also using the median values of the quoted periods. The curve was drawn tentatively 1o
show the wave-like variation in the seasonal behaviour of exponent n; the mean period obtaincd
from the plot is about 96 days. Note that the maximum in winter occurs at 15 January, that is about
4 wecks dclayed related to the winter solstice
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Fic. 15: Seasonal distribution of n during 1975/76 on a propagation path
in central Germany (after Schwentek et al, [16] ).




SO
o ra P HI A
JAN
S0

(7]
TSJ Oﬁxﬁnrﬁﬂnfﬂn
= FEB
o2 50
0 11:)111”11;\1{’1;_11
MAR
50
(8)
0 11'1||||‘Hlﬂﬂ{fl
APR
Fig. 16:

(lllllll]l!l!ﬂ

- 25

n=0.6

||||||1|1n|1{'1'1

MAY SEP
|1||1|1|1||1R111v11' l!xvlnnﬂl"?{rﬁl
JUN ocy

®

@
JF
. e,

JuL NOV
e
N,J—J"L.‘1 .
(EERERERERRRE ﬂ 111 BB ww11w1111}111
AUG DEC

Histograms of the correlation coefficient between least square fit
and real data for days n § 0.6. Mcasurement period 1968, 1970 - 1975.
Encircled fiqures: Total number of events.




i
}i

—=L X.Vl!q. s B

n<0.6

DAYS

* o~
| S5 SONR S RS A W MRS GHN AR AR SN S BNAR BN ANND BN

rr 77T
0 < (= (]
w 3 ? 1

GL6L-0L6L '896L SIN3IAT 40 YIBWNN

Histogram of persistence of days with n < 0.6.

Fig. 17

2737 s et T T T2 s

LANLANE S S Bk S D B St 4

< (=] (=] o r=3
A ~ Ll ~ -

SLEL-0L6L 8961 SINIAI 40 ¥IBWNN

T T T T T T T

0-4-

PERIOD (DAYS)

Histogram of re—occurrence of days with n g 0.6.

Fig. 18:




B

the year. Unfortunately, the raw data fram which the results shown in Fig. 15

were derived were not available to the author, and the data presented (which re-

present same kind of running averages) do not allow a detailed analysis how the

result was achieved. A large "n" is indeed often linked to high (winter anamaly)

absorption while the reverse is mostly the case for the other months as shall

be shown later. This camparison may illustrate the difficulties which one en-

counters when dealing with diumal variations of absorption. In this context,

it may be of interest to investigate the validity of the cos” x-approximation for

diumal variations described by a low "n". Taking again the correlation between F
|
|
i

g e

real data and least—square—-fit approximation as the figure of merit, one obtains
Fig. 16, which shows histograms of the correlation coefficient found for the rele-
vant months of the measurement period 1968, 1970 ~ 1975. The agreement between
approxXimation and real data is not very satisfying, especially during winter, and
one might suspect that "deviative" absorption has played an important role for ‘[
this result. Our in-situ measuraments of electron density however, which we i
performed at El Arencsillo in parallel to absorption measurements have shown us

that the "deviative" cantribution to absorption was, on average, a more or less

constant fraction of the measured amount of absorption. This result allowed us to *
interprete with same confidence irregularities in the diumal variation of ab-
sorption in temms of transport phenamena,

Fig. 13 shows that the days on which a "shallow" diwmal variation of absorption #
was measured have a tendency to occur in groups of days and have a certain t
tendency of re—occurrence. Fig, 17 shows the histogram of persistence of such
days observed during the whole period 1968 ~ 1975. Fig, 18 shows the histogram |
for re-occurrence. To these figures shall be referred to later (par. 4.5.2.3.)

4,5.2.2, “Peaky" diurnal variations

In the preceding paragraph, the seasonal distribution of "shallow” diurnal vari- |
ation of radic wave absorption was discussed. It was stated there that "shallow"
diumal variations are quite often a manifestation of a rather irregular variation
of absorption over the day. In contrast to this, "peaky" diurnal varjation are in
most cases rather symmetrical to noon and scem to be nothing peculiar until ane
locks for their seascnal distribution. Before doing that, one should lock how

good the cos” x~approximation (which assumes quasi-steady-state conditions) fits

the real data for such days. Again, the correlation coefficient between real data
and least~square~-fit appraximation was taken as figure of merit and the individual
months of the moeasurement period 1968 and 1970-1975 were oconsidered. Years in which

e I
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observations were made anly during a few months (1967, 1969 and 1976) were
anitted. The result is shown in Fig.16a. A camparison with Fig. 16 shows that
solar control was by far much better for days which had a "peaky" diurnal vari-
ation of absorption than for those which had a "shallow" one. One notes further
that the steady-state-approximation fitted quite well during the summer months
but was less valid during winter.

It was shown in Fig. 13 how such days were distributed over the cbservation period
1968 - 1975. Each year "has its own individuality" but one notes that such days
seem to be more frequent during Spring and Autum and that they have a tendency
to occur in groups of days which are superficially similar to that of winter
ancmaly observation and to that of groups—of days with low "n" (which, as was said
before, is about synonymous). This "grouping structure" was very well pronounced
during Spring 1972. The histogram Fig. 19 sumarized the results of the observation
period and shows clearly that such days are indeed most frequent during the
equinoxes (Spring and Autum). The distribution shows a clear minimum for mid-
winter and mid-summer.

Fig. 20 shows the histogram of persistence, Fig. 21 shows the histogram of
re~occurrence.

4.5.3. Comparison

Carparing Fig. 20 with Fig. 17 (persistence) ane notes that they are not very
much different. Groups of days which are longer than 5-6 days are fairly rare.
Things are different if one campares Fig. 18 with Fig. 21 (tendency of
re-occurrence.) The probability that a "shallow" or "irregular" diumal vari-
ation is also present on the following day is much higher than it is the case

for a "peaky” diurnal varijation. The "peaky" diurnal variation of absorption seems
to occur rore often as an isolated event. Its tendency of re—occurrence is also
different: The histogram has peaks near 4-6, 8~9, 11 and 15 days which might be
real while "shallow”" diurnal variations do not show this except a small peak

near 13 days. These results seem to suggest that processes to which the atmosphere
responds with a "peaky" diurnal variation of absorption have a shorter time scale
than those which cause an irregular or "shallow” diurnal variation of absorption:
Taking the tendency of re-occurrence, it seams that it takes a longer time to
develop conditians which produce "shallow" or irregular diurnal variatons of
radio wave absorption than is needed to develop "peaky" cnes.
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Before discussing what might cause the different shapes of diumal variation of }-
absorption, we should have a look at the total number of days of a calendar year
for which "n" was “large" (n > 1.0) and "small" (n < 0.6.)

These fiqures are presented in Fig. 22. They are variable from year to year. It
might be of interest to note that the number of days on which "n" was large

(n > 1) was significantly smaller during the years in which a shift of winter ,,
anamaly occurrence towards an earlier date was observed (see Fig. 10). The ‘F
nuber of days on which the diurnal variaton of absorption was “shallow" was then {
larger as might be expected. The total nuwber of days an which the diurnal variation

of absorption was either "shallow" or "peaky" was different in different years, E
(Fig. 23) but there seems to be an indication for an inverse relation between f
the two nuwbers. This is shown by Fig. 24 in which the number of days per year d
with "shallow” variation is plotted against the muber of days with "peaky" ones.
This correlation is however, not very significant (r = 0.65, n = 7, significance I
88%): The dbservation period was to short to yield a significant result. |

4.5.4, Protable causes for variations in shape of diurnal
variation of absorption

The diumal variation of absorption is primarily caused by the diurmal variation !

of the solar zenith angle. This variation causes a change of ionization at all ‘

levels of the ionosphere, and the equilibrium density of free electrons is con-

trolled by production and loss rate of electrons. This electron loss rate is ]
] an involved function of ion-chemical processes. It is therefore cammon practice

to describe the electron loss by an "effective” electron loss rate. One model

which has tumed out to be rather successful is the two-ion model of Haug and

Landmark [181 |

when we look at the data presented in Fig., 8 (diurmal variations of absorption
| during winter 1975/76) we may suspect that the irregular type of diurnal vari- ‘
ation of abscrption might be caused by dynamic processes (advection and convec- v,
tion) which canges the height distribution of electron density by transport
of minor conszituents. These change the effective electron loss rate and the

- production of electrons, and, indeed, the results of several investigations have

: shown that harizontal and vertical transport has same influence on both the

| i 1 shape of diwmal variation of absorption and on the amount of absorption itself.
' It was shown in papers published by Geller [19) , Manson [20)[21) 22 ]

P e — e
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Fig. 24: Correlation between number of days n > 0.9 and nunber of days n < O.6.
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Fig. 25 Seasonal variation of changes of ground pressure and absorption in
southern Spain.
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Fig. 26: Correlogram between scasonal variation of absorption and changes
of ground pressure in southern Spain.
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Fig. 27: Relation between absorption measured on day before and after
a day (or group of days) with large "n". Fig. 27 shows that the
physical meaning of large "n" changes with season. During summer
it means that absorption is in most cases lower than the day before
and the day after such an event.
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Rose et al [23]1{24] . Rees et al [ 25 ] (this list is by no means camplete) that
absorptiaon is related to wind changes. It was also concluded that a coupling r
between the D-region atmosphere and lower levels exist during the winter season
but should not occur during summer. A result which supports this conclusion

was obtained when the variation of radio wave absorptian in the D-region was

correlated with the variation of atmospheric pressure measured on the ground

[24 ). Fig. 25 and 26 show the result of this investigation. Absorption vari-

atiaon fram the mean and pressure variation from the mean pressure were on

average in phase during winter, spring (until April) and in late autum, but
was out of phase during summer. This holds true only for the long periods
year and half-year— periods) but no significant result was abtained for higher
frequencies because the "noise" of data is too high.

The results shown in Fig. 13 and 19 (seascnal distribution of days with "peaky" s
diumal variation of absorption) suggest that this seasonal distribution may &
also be linked in same way to coupling effects between the D-region and lower

(or higher?) levels of the atmosphere because such days are observed mainly
during the scason in which the winter circulation changes over to summer
circulation. Further, it is well known that this transition is more violent
during spring than during Autum were this transition is more gradual. Fig. 19
shows that days with n > 1 are most frequent during Spring. Informations about
winds in the upper D-region atmosphere (90 — 100 km but not for lower levels)

can be obtained through ground-based drift measureaments made with lang or medium
waves more or less continuously during night. Such measuraments were excecuted
over a long period of time in East~Germany. The distance between southern Spain
(were we performed our measurements) and Bast-Germany ist about 2000 km, and it
seems to be at a first sight problematic to refer to these data. However, one can
argue that the reversal of a planetary circulation is not a local effect but Y
affects a large area more or less simultaneously. Further, one has reason to
assume that this change is a matter of at least a few days and not an effect which
occurs within a few hours.

Fig. 13 shows that a very pronounced "grouping of days" with n > 1 occurred during
Spring 1972 which was not found in other years of the observation period. Tf

the increase of albundance and of grouping of days with "peaky" diurna. vari-
ation of absorption is in same way linked to the transition fram winter

to summer circulation ("Spring Anamaly”) one should expect that samething
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peculiar had happened with the circulation during spring 1972. This was indeed
the case: "Spring 1972 was peculiar in that the winter circulation ended for
the first time since 19°8 at middle of March. In contradiction to all experi-
ences obtained during 20 years of measurement, the spring circulation which
started then was interrupted fram 30. March to 14. April.

A circulation was then observed similar to that which was present during
winter-time stratwar.s, e.g. that of 29.1.-11.2.72 and also that of 1967

(31.1. - 13.2.). The temperature at 10 mb was -20°C over east Siberia. The

spring circulation ended on 27.4.72" ( R. Schminder, personal cammmication).

This information refers to a height level between 90 and 100 km were the sounding
frequencies of 185 KHz and 272 KHz used for the wind measurements were reflected
during nighttime. No other informations about wind changes in lower heights were
available. The full story what happened during this period remains therefore
unknown. But if one enters into Fig. 13 the dates on which the winter circulation
ended over central Germany, one finds (within a certain margin) that the grouping
of days with high "n" began to increase in frequency after that date during spring
and ended after the beginning of winter circulation in autumn. After that date,
groups of days with low "n" were dbserved after or short before the winter
circulation began over cantrul Gemmany. Taking into account that the date an which
the winter circulation ended or began is not always very well defined (there are
almost always days before and after that date which show "summer" resp. "winter"
circulation) it seems to be fair to assume that the grouping of days with

"high n" is closely linked to the change of circulation and the grouping of

days with "low n" is a winter phenamen.

A change of wind speed and wind direction at 90 km might cause a re-distri-
bution of electron density with height near this level. This re—distribution

can be caused by vertical movements (either turbulent or subsidence) or, more

or less equivalent, by a change of air density. This change of air density may
cause an increase of electron production in lower heights but not necessarily

may cause a change of ion camposition in the D-region. Because absorption of the
probing wave depends upaon the product between electron density Ne and electron
collision frequency with neutrals v en’ the absorption contributions fram lower
heights becaes then more important, but the loss rate of electrons is higher in
lower heights. This causes a more rapid decay of electron density in the aftermoon
and a slower build-up of absorption during the forenoon which results in a "peaky"
diwrnal variation of absorption. The total armount of absorpticon may also be




sanmewhat lower on such days campared to that found on "normal days” but this
need not to be true in all cases and has to be checked.

4.5.5. Kelation between shape of diurnal variation and amount of absorption

The result cf this check is presented in Fig. 27. This check was done in the
following way: The day with event " n > 1" was taken as key day and the amount
of absorption measured on the day before and on the day after the event was
canpared with that measured on the key day. When the key day was the beginning
of a group of days with n > 1, the day following the last day of this group was
considered as "day after the event". By this, the events could be classified
into three groups: The first group contained events for which absorption on the
preceding day was higher than on key day but lower on the day following the
event (or vice versa), The secand group camprised events for which the amount
of absorption was higher than on key day on preceding and following day, and
the third group camprised those events on which absorption was higher on key day
than on the preceding and the following day. In order to obtain a clear picture,
the years for which the observations were incamwplete (1967, 1969 and 1976) were
amitted.

Fig. 27 shows clearly that the supposition that absorption is lower campared
to that measured on the preceding and the following day when the diurnal
variation is "peaky” holds true only for the summer months. The number of
"undecided cases" is then also a minimum, During Octcober, November and December
the meaning changes: in about 50% of all cases, absorption is increased campared
to that measured aon the preceding and the following day. This result suggests
that the physical processes which cause a "peaky" diurnal variation of ab-
sorption are not the same during summer and during winter. During summer, a
temporal reduction of EUV and soft X-ray radiation may cause a reduction of
electron density near the 90 km level, but leaving the ionization unchanged

at lower levels below 80 km. This will cause a "peaky" diurnal variation. In
winter, an increase of O, 1Ag will produce more O,+ ions and, by this, a
higher electron density which causes "winter anamaly". The role of O, 1Ag as
one of the minor canstituents of the D-region ionosphere which eventually
causes winter-anamalous absorption was at least partly eludicated during the
Westemn BEuropean Winter Anamaly Campaign which took place Winter 1975/76.

[25] . 0,'Ag has a shorter lifetime than nitnc oxide. It is generated during
day by radiation of the sun and is destroyed after sunset. The diumal vari-
ation of abscsption will therefore follow the variation of the solar zenith
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angle quite closely. Because substantial amounts of O,1 Ag are produced in the
D-region predominantly at lower zenith angles of the sun (near noon) the

diuwrnal variation of absorption will be described by a larger n. These results
may explain why no significant relation between the shape of diurnmal variation
and amount of absorption has been found in the past: The physical meaning

changes with season, and if one considers a year as a whole, no significant ‘
result will be obtained. i

The results presented so far have been obtained fram measurements which were

performed in Spain. They can be criticized as being accidental until similar

results are obtained fram data collected in higher or lower latitudes evaluated

in the same way as the data obtained in Spain. d

|
i
5. Verification of results {
1
|
1
|

The only data which are available for such an analysis were those gathered an f
the propagation path Coburg-Graz (Austria). The same type of technical equip-
ment was used on this propagation path (receiver, transmitter, antennas) but
the path length was longer than those used in Spain (500 km). On long propagation
paths, the numerical values for "high n” and "low n" (in the sense considered here)
are different. They have to be detemmined experimentially fram the bulk of data. ;
It was found that a cos x —exponent n > 0.6 was about equivalent to n > 1
which was selected for the propagation paths in Spain. Because of the larger path l
length, the signal strength at the receiver site at Graz was much lower than in
Spain. This caused a detoriation of the signal-to-noise ratio and rendered the
' results to be less accurate than those cbtained in Spain. The analysis was there-

fore confined to the case of "high n" which had turned ocut to describe days on
which the diumal variations followed the variation of the solar zenith angle
best. Unfortimately, only 18 months of observation (1 Jan. 1975 - 1 Dec . 1976,
1. Jan. 1976 to June 1976) were available for analysis. If the distribution
of days with "high" n is really linked in same way to changes in dynamics at or
near D-region heights, and if the result presented in Fig. 19 is of significance,
one should abtain similar distributions of abundance of diurmal variations of
absorption for both propagation paths, Spain and Germany/Austria. This was indeed
the case,’ but Fig. 28 and 29 shows, that the maximum of occurrence of such days

) with large "n" was about a month later during Spring on the propagation path
Coburg-Graz than it was observed for Spain. This was the case in both years,

l 1975 and 197¢. Further, a grouping structure of such days were also seen in the
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Fig. 28: Abundance of "peaky" diurnal variations (n > 1) on the propagation
path Aranjuez - Arenosillo (Spain) and an the propagation path
Coburg-Graz (n > 0.6) (shaded) in 1975 and 1976.
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Fig. 29: January for 1975 and 1976.
The maximum abundance of days with large "n" in Spring is found ane
month later (April instead of March) on the more southern propagation
path.
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data gathered on the propagation path Coburg-Graz which resembled to that cbserved
in Spain. This supports the presumption that the results presented here were

not accidental but reflect same change (possibly in dynamics) which cause re-
mains still unknown. The fact that the change of circulation at 90 ~ 100 km
observed over central Europe does not coincide the observed increase of

abundance of diurnal variations of absorption described by a large "n" seems

to indicate that changes in heigths below 90 km may be of greater importance

than changes which occur in greater heights. Unfortunately, no data are avail-
able which might support this supposition.

SUMMAKY

The results described in this report show that radio wave absorption measurements

can be used to monitor changes of the state of the D-region atmosphere. The height {
range fram which information is gathered is however not well defined because the

absorption measured by ground-based radio wave experiment is the integral of the

product: electron density times electron collision frequency over a certain height

range.

The height limits over which this integral extends ramains unknown and is variable,
The result of measurement is further affected by the properties of the ionospheric
reflector which turns the probing wave back to ground. By proper choice of the
experiment, the effects of the reflecting ionospheric layer upon absorption can

be minimized but can never be eliminated cawpletely. A detailed interpretation

of absorption measurements in terms of atmospheric physics is therefore diffi-
cult if not impossible unless supporting experiments of other nature are

carried cut simltaneously.

But, as was shown in this report, a mumber of regular features can be seen in

the diumal and the seasanal variation of absorption. One of these features is the
winter anomaly. The results show that winter anamaly was a regular phenamenon
which occurred in every year without exception. The quasi-irregularity of its
"begin" and "end” suggest that it might be caused by meteorological phenamena.

The quasi-four-year perjod of phase - if considered real ~ might mean that a
parametric oscillation of the D~region atmosphere may exist which is triggered

by the quasi-biannal oscillation of the stratosphere. Parametric oscillations

are generated when coupling between the two oscillating systems is not permanent
but is present only for a certain time. An attempt to correlate changes of

I3
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atmospheric pressure measured on the ground with changes of absorption show

that both parameters correlate during winter only. This may be taken as

a hint that parametric oscillations of the D-region atmosphere are possible.

Lack of relevant data fram the stratosphere however did not allow a more detailed

investigation.

It was shown that the diumal variation of absorption yields also information
about changes of state in the D-region when the measurements are carried out
carefully and when the measurement circuit is properly designed. Nevertheless,
the parameter "diurnal variation" is less well defined when figures have to be
derived for a quantitative treatment.

It was shown here that the shape of diurnal variation undergoes certain variations
with season. The variations are phenamenlogically similar to that found for the
amplitude of absorption in the sense that a certain type of diwrnal variation has
a tendency to occur in groups of days in certain seasons. On grounds of camparisons
one has same reason to assume that same of these groups of days are linked with
the seascnal change of circulation in the D-region.

A relation between amount of absorption and shape of diwrnal variation is not
straightforward but depends upon season. This result explains why earlier attempts
to find a relation between amount of absorption and shape of diurnal variation
failed: The earlier attempts were based on averages over a whole year. Averages
smooth out the change with season.

The work was based on data which were obtained in a project which was sponsored
by the German Federal ministry of Science and Technology (Projekt WRK 90).
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